Introduction
Laser induced fluoresence (LIF) spectra (laser exci tation spectra) are conceptually among the most simple spectra to obtain. One need only confine a gaseous sample in a suitable container, direct a laser along one axis of the container, and monitor the sample's fluorescence at a right angle to the laser beam. As the laser wavelength is changed, the changes in fluorescence intensity map the absorption spectrum of the sample. (More precisely, only absorption to states which have a significant radiative decay component are monitored.) For ion spectroscopy, one could benefit in many ways by such an experiment. Most optical ion spectra have been observed by emission tech niques, and, aside from the problems of spectral analysis, discharge emission methods often produce the spectra of many species, some of which may be unknown or uncertain.
Implicit in the description of LIF given above is certainty as to the chemical identity of the carrier of the spectrum. 
Experimental Method

A. Ion Trap
The experimental apparatus is based on the ability to confine a sufficient number of molecular ions in a electric field of suitable geometry. There are many types of tTap designs discussed in the literature.
Before discussing the design we have chosen, a few comments are in order on the desirability of using a trap over other ion sources.
One alternative technique, exemplified by the work of The ion density is considerably greater and the ions can be equilibrated to the temperature of the carrier gas. This temperature can be made signifi cantly lower than ambient. One potential drawback is the lack of ionized species isolation and identification which a mass spectrometer allows. The identification of the carrier of a spectrum is not automatic in a discharge flow where perhaps many types of ions or radicals are present.
The ion trap therefore offers the following experinental conditions. The ion density can be made sufficiently large (£ 10 cm" ) for a reasonable detection probability.
The trapped ion mass can be varied, allowing unambiguous chemical identification. The trap can be operated at suf ficiently low pressures so that ions can be confined in a collision-free environment for long times (long compared to fluorescence decay times and, generally, for times which are limited by the ion-neutral collision rate) . The ion trap we use is cylindrical in geomety.. Design criteria for such traps have appeared in the literature.
The cylindrical design was chosen over a more conventional 2 hyperbolic design primarily to allow the various aperatures needed for light entrance and exit to be cut into the trap without seriously disturbing the electric fields. Trapped ions zip around the trap with high velocity.
As a result, the addition of a buffer gas is likely to hes.t ions rather than collisionally cool them. Whether this is an advantage or a disadvantage depends on one's point of view. Likewise, the initial state distribution of the ions depends on the molecule and the energy distribution of the ionizing electrons. Electrons are injected into the trap, and they undergo energy changes which are difficult to control. As a result, more detailed studies of the ioniza tion process itself could be done with, for instance, a photoionization source, but only at a considerable loss in ion density.
Experimental Results
A. Diatomic LIF Spectra
Given the limitations in spectral resolution of our experiment, the relatively sparse level structure of light diatomic ions becomes the most advantageous to explore. Our spectra of the fragment ions CH and CD* will be described briefly here as examples of the types of spectra one can expect. Further details of these spectra can be found elsewhere.
The best known and most important band system of CH* is the A 'n • X l l* system. This system has been characterized in emission and is of importance to the astrophysical problem of CH formation via radiative association
We have produced CH shown in Fig. 3 . The spectrum is easily assigned, but the rotational distribution indicated significantly hotter ions than are seen in emission. Emission spectra followed the R branch out to the R(7) line; we have seen lines out to R(21). While we gain in quantity of information, we are, as Fig. 3 indicated, limited in resolution to a few tenths of a wavenumber. In this case, the gain in quantity was the more desirable outcome. We found that the new lines at high J could not be fit by the existing molecular constants.
We therefore refit our CH* and CD lines to a new set of constants which are given in Table I .
We have also observed known bands in N~ and CO*.
While we do not add new spectroscopic information to that already known for these molecules, our data on them are of interest for other reasons, as discussed below.
B. Polyatomic LIF Spectra
We have observed spectra for two polyatomic ions in cause nonsystematic spacings and intensity irregularities.
To test our trap near the limit of its mass range, we investigated the B A," «-X E" band system of the 1,3,5-trifluorobenzene cation, which has a mass of 132 amu. We were able to trap the ion, but with a mass resolution of only 15. This value is purely the result of the particular power supply we used to operate the trap. Thus, we may have cotrapped fragment ions along with the desired parent, but our In general, the many bands we observed were in good agreement with those of previous assignments, but we lacked the resolu tion (due to the ion temperature) needed to provide the more detailed interpretations of Miller and Bondybey, who worked with colder gaseous ions and with matrix isolated ions.
C. Radiative Lifetimes
We have tested the ability of our apparatus to record rediative lifetimes over a considerable range of values.
The strong N 7 first negative system, B 2 l * X 2 E , is
characterized by a 60 nsec radiative lifetime, which we measure without difficulty. This value is not constant throughout the spectra, however. Perturbations by the longer-lived A 2 n state are known , and perturbations by an unknown *! state have been suspected. Our N, spectra extend to high rotational quantum number, N, and we plan a systematic search for lifetime perturbations throughout the spectra.
At the long end of the radiative lifetime scale, w2 have observed and verified the 3.25 usee lifetime of the CO A 2 n -*• X 2 E (v'«2) band. The lifetime of CH is known to be inter mediate to these extremes. Other measurements have relied on fast electron pulse excitation to initiate the experiment. As Erman has shown, these measurements can be systematically low due to the rapid spatial dissipation of ions from the viewing region due to ion-ion repulsive forces. His result, 630 nsec, was the largest reported experimental value, yet it is below the theoretical range (660 -800 nsec) predicted by the ab_ initio calculations of Yoshimine, Green, and Thaddeus.
Our method does not suffer from such a systematic error.
Therefore, we measured the lifetime of CH (A 'nj in order to compare to the electron excitation value and the ab_ initio value. Our result was 815+25 nsec, in good agreement with the upper range of the theoretical value and clearly at odds with the electron excitation value.
D. Ion State Distributions
The collision-free nature of the trap affords us the opportunity to probe the nascent internal state distribution of ionized molecules and fragments. Of course, we use the term "nascent" to mean the distribution in the ground or op tically metastable states which result after radiatve cascade from the truly nascent excited states which may be formed. Ionization of CO is one case we have begun to study.
The comet-tail system, A 2 H -X 2 Z , mentioned above in regards to lifetime measurements, is a useful band system to use in probing the X state internal energy distribution.
We produce CO by bombardment with electrons of roughly ISO eV energy. Cross sections for excitation to levels 1 8 in the A state have been measured, and high vibrational levels of the A state are known to be populated with signifi cant probability. Moreover, the A-»-X Franck-Condon factors are known, and they indicate that the X state will become vibrationally > .s a result of A+X decay. The X state is not expe to be formed in high vibrational levels as a result of -imary ionization from room temperature CO. is essentially all due to cascade from the A state. We are currently measuring other band intensities, from which we expect to obtain a very complete picture of the ionization of CO.
A second example involves the fragment ions CH and CD . As noted above, we find these ions to be rather hot; we estimate a rotational temperature near 3000 K and a vibrational temperature near SS00 K. Somewhat more remarkable is the observation that these temperatures are obtained whether we use CH. or C 2 H 2 as the parent gas.
E. Collisional Energy Transfer and Product State Analysis
The translational motion of trapped ions is well above the ambient temperature of the parent gas. A tempera- We have constrained the reaction dynamics by a choice of masses which insures that the product will not receive a large translational impulse on reaction. We therefore co-trap the primary reactant ion and the ion-molecule reaction product which we investigate by LIF. As the alert reader has no doubt noticed, the principle drawback of this scheme is the general lack of spectroscopic data on most product ions which are otherwise suitable for such an experiment.
Summary
This article has given an overview of the experimental opportunities afforded by studying the laser induced fluores cence spectra of molecular ions confined in a mass selective ion trap. The advantages include species identification, collision control ranging from none to several collisions, timed Measurements leading to radiative lifetimes, delayed ! -18-excitation leading to the study of collisional alteration of the nascent ion state distribution, and the spectroscopic advantages LIF spectra give to complement emission spectra.
The primary disadvantages are the large Doppler widths of spectral lines and, as always, an ion density that borders on the low end of usefulness.
•21- Table I (Table I - Cross sectional drawing of the ion trap assembly. Numbered items are identified in the text. Fig. 2 Assembly drawing of the vacuum chamber with the trap assembly in place. The photomultiplier detector mounts onto the ion trap apparatus flange and views the trap through the quartz window. 
